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A Bragg reflector type FBAR using AIN piezoelectric with quarter wavelength thickness has been fabricated, where the Bragg
reflector was composed of W-Si@pairs. By nhumerical simulation, considering actual acoustic losses of each layer, an analysis
of the frequency response of the resonator has been made and this could be explained using an equivalent circuit with parasitic
elements. The Effective electromechanical coupling constaﬂ(iff ) and the Quality fact@, figures of merit of the resonator,
were about 1.1% and 307, respectively.
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Introduction FBARs (BR FBAR) [5-7]. However, BR FBARs with a
piezoelectric layer of a quarter wavelength thickness

With the recent development of wireless communi- have not been reported about. In this study, we observed
cation, there has been an increased demand for microthe frequency response of BR FBAR with a piezoelectric
wave filters monolithically integrable with semicon- layer of a quarter wavelength thickness. The structure
ductor devices. Film Bulk Acoustic wave Resonator was designed for resonance at about 2.4 GHz and a
(FBAR) based microwave filters is an economically Bragg reflector of six layers was used. We also numeri-
attractive alternative to dielectric filters and Surface cally analyzed the frequency response taking into
Acoustic Wave (SAW) filters because they have advant- account acoustic losses of each layer in the fabricated
ages of small size, low cost by mass production andstructure.
compatibility with semiconductor processes [1].

The basic structure of a FBAR consists of a piezo- Experimental
electric layer sandwiched between two electrodes on
the substrate. In the FBAR structure, an acoustic wave The resonator was fabricated on an (100) oriented Si
should be confined to the piezoelectric layer. Such substrate. AIN and Al were chosen as a piezoelectric
acoustic isolation from the substrate carrdadized by layer and an electrode, respectively. W was chosen as a
means of an air gap or Bragg reflector. In case of ahigh acoustic impedance material and Si¥as chosen
Bragg reflector, this is composed of several pairs of as a low acoustic impedance material for the Bragg
alternating quarter wavelength layers with high acoustic reflector, respectively.
impedance contrast. Such a set may transform the input To make six Bragg reflector layers, W and Si@
acoustic impedance of the substrate to a very low or toquarter wavelength thickness wemesitu deposited on
a very high value as alternating sequence. the Si substrate by rf magnetron sputtering. AIN and Al

For acoustic isolation, if the input acoustic impedance were deposited on the Bragg reflector layers by rf
of the substrate transforms to a very low value, a magnetron sputtering. Deposition conditions of each
piezoelectric layer with a half wavelength thickness layer were summarized in Table 1. Quin thick Al
should be used to form half wavelength standing waveselectrode was patterned and wet etched by developer
in the piezoelectric layer. By contrast, if the input (AZ 300 MIF). Active area of 165um? was formed.
acoustic impedance of the substrate transforms to aFigure 1 shows a schematic structure of the resonator.
very high value, a piezoelectric layer with a quarter The film thickness and microstructure were observed
wavelength thickness should be used to form quarterusing a field emission scanning electron microscope
wavelength standing waves [2-4]. (Hitachi). The surface roughness was measured using

Much research has reported on Bragg reflector type an atomic force microscope (Park Scientific Instrument).
The S; parameter was measured using a network
analyzer (HP 8510C and HP 8753D) and Pico probe

*(%glrfefgzo_g‘f'gggs?;égg“ (GGB Inc.). The probe and the network analyzer were
Fax: +82-2-958-6951 calibrated using a calibration substrate for the load,
E-mail: jkleemc@kist.re.kr short and open standard.
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Table 1.Deposition conditions of each layer in the structure of Bragg reflector FBAR

AIN Al w Sio,
Target material/size Ali2” Ali2” w2’ SiG)/2”
Base pressure <Bl0°Pa <5x10°Pa <5x10*Pa <5x10*Pa
Working pressure 0.133 Pa 0.133 Pa 0.4 Pa 0.267 Pa
Gas flow rate (sccm) N20 Ar=10 Ar=30 Ar/O,=36/4
Rf power 300W 75w 40W 150W
Distance between target and substrate 6 cm 6 cm 6 cm 6 cm
Substrate temperature RT RT 200 RT
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Fig. 1. Schematic representation of the Bragg reflector RBA 215 220 225 230 235 240 245
structure; (a) Top view and (b) Cross-sectional view. Frequency (GHz)

Fig. 3. The measured return loss {®f Bragg reflector FBAR.

Result and Discussion
where,Z, is 5@ We also simulated an input electrical

Figure 2 shows the cross sectional microstructure of impedance in the narrow band using transmission line
the fabricated resonator. The AIN piezoelectric layer theory in order to compare this with the measured one.
shows a dense columnar structure. In the Bragg re-In the Bragg reflector, the acoustic impedance trans-
flector, the W layer also had a columnar structure andforming properties of layer are described by the ex-
the SiQ layer was almost an amorphous. pression for the input acoustic impedance of the layer

The measured narrow band return losg)(8f the placed on the substrate. The input acoustic impedance
resonator is shown in Fig. 3. The magnitude of return of all the layers is calculated by employing the follow-
loss (S1) was about 22 dB at 2.278 GHz. From the S  ing equatiom times successively [2].
data, we could obtain the input electrical impedance , ,
i Z5 Dcol; +iZsinby;

(Zin e using the following equation. () _
Zin —Zc i (i-1) .. (2)
Z.cohl,+Z;, sinbyl;
[1+Sl |:| C (M| n (M|
— 1
Z‘”G_ZOD.L—SMD @ where, Z¥ |s the material acoustic impedance of the

ith layer, ZIn is the input acoustic impedance of the
(i-1)th layer,b; are the complex wave vectors for the
ith layer, I; are their thicknessZ’=z,  (the material
acoustic impedance of the substrate) ian@, 1, ...,n

The Bragg reflector with 6 layers was designed to
transform the input acoustlc impedance of the substrate

510 (Zy) to a very high valueZ(( ) at the interface with the
2 piezoelectric layer. Then the input electrical impedance
0 of the resonator is calculated using the following
1 equation [4].
810, L 10, k1 (22 Zysinbl= 2Z;(1-cosl) [
"I0CoN  1+KbI(Z5+2,Z,)sinbl- |(Zt+Zb)ZocosbID

3
Fig. 2. Cross sectional SEM micrograph of a Bragg reffecto _ _ o @
FBAR fabricated on a Si (100) substrate. where, Z; is the input acoustic impedance of the top
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Table 2. Attenuation constanti of each layer in the structure of
Bragg reflector FBAR used in simulation

Attenuation constantl) at 1 GHz

AIN 5 (dBjus)
Al 13.63 (dBys)
W 0.14 (dB/ps)

SiO; 43.86 (dBy1s)

electrode and,, is the input acoustic impedance at the

top layer of the Bragg reflector on the substra-(é)( ).

is the electro-mechanical coupling constaty,is the
capacitancez, is the material acoustic impedanbeis
the complex wave vectors$,is the thickness of the
piezoelectric material.
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Fig. 4. An equivalent circuit with parasitic elements used in the
simulation of the Bragg reflector FBAR, wherg iR the series
resistance and,3s the parasitic capacitance.

amplitude in the top electrode and the top layer of the

In order to consider acoustic losses in the fabricatedBragg reflector on the substrate, respectively. The
structure, we added an attenuation value to the wavesurface roughness and attenuation values are listed in
vector of each layer in equation (4). The attenuation Table 3. The roughness scan was performed oter 5
constants used in simulation are listed in Table 2. In pm? area and the surface roughness was similar over
addition, we considered the acoustic loss in the piezo-many positions on the Al electrode and the top layer of
electric layer by scattering of acoustic waves due to theBragg reflector.
surface roughness. So we calculated the attenuation However, the input electrical impedanag, § simu-
value from the surface roughness using the following lated through such a procedure was different from the

equation used by Mansfeld [8-10].
—6
g AB/S)=—4. 345 (VP ni+q nfl B (4)

where,d is the thicknessys is the wave velocityy is
the phase constany; amd

Table 3. Attenuation constant by surface roughness and RMS
value in the AIN piezoelectric layeny(is on the Al electrode),
is on the top layer of Bragg reflector.)

RMS value of surface roughness Attenuation constant

(nm) (dB/us)
ni= 12.6
N2 = 6.25 16.68

measured
........... simulated

h f, =2.281 GHz

Impedance (ohms)

| £,=2271GHz §

T
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T T
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measured one. Hence we modeled an equivalent circuit
with some parasitic elements on the basis of the Butter-
worth Van-Dyke (BVD) model as shown in Fig. 4. In
this model, we could infer parasitic element values from
the wide band input electrical impedance response in
the frequency range without resonance. The inferred

are the mean roughnesparasitic series resistance and the parallel capacitance

were 4) and 0.7 pF, respectively.

The simulated input electrical impedance and the
phase response were very similar to the measured input
electrical impedance and the phase response when we
used this model with these parasitic values. Figure 5
shows the input electrical impedanag, § and phase
response with a frequency, which were measured and
simulated, respectively. It is thought that the parasitic
capacitance in the electrode interconnects and the sheet
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Fig. 5. Simulated and measured frequency response of the Bragg reflector type FBAR; (a) Input electrical impedance and (lp®hase of in

electrical impedance.
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Fig. 6. Wide band frequency response of the Bragg reflector FBAR; (a) Simulated and measured input electrical impedance and (b)

Simulated reflection coefficient.

resistance of the electrode had some effect on the input Conclusions
electrical impedance and the phase response of the
resonator. In the Bragg reflector type FBAR, we could infer

Additionally, we investigated the wide band input parasitic effects by numerical simulation considering
electrical impedance response to confirm a narrow bandthe acoustic losses of each layer in the experimentally
simulation. Figure 6 shows the measured and simulatedobtained structure. The inferred parasitic series resis-
input electrical impedancezf,) and the simulated tance and parallel capacitance we@ dnd 0.7 pF,
reflection coefficient in the wide band. The wide band respectively. The Effective electromechanical coupling
simulated impedance response was similar to theconstant ((iff ) and the Quality factoQg, ) were
measured one for the most part. A small difference wasabout 1.1% and 307, respectively.
shown in the high frequency region. However, this is
thought to be negligible because the difference of im- Acknowledgments
pedance was only a few ohm.
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